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ABSTRACT
A disease herein referred to as Xanthomonas leaf spot (XLS) of 
crucifers caused by Xanthomonas campestris v. armoraciae (Xca) has been 
observed on Market Prize cabbage grown in southern Louisiana since the 
winter of 1977-78. XLS differs from black rot of crucifers caused by X. 
campestris pv. campestris {Xcc) in that no chlorosis is associated with 
the lesions, the pathogen invades stomata but fails to move 
systemically, and the disease develops at temperatures well below those 
favorable for black rot development Inoculation of field-grown cabbage, 
cauliflower, and broccoli with Xca showed that these crops are 
susceptible and that disease severity varies among cabbage cultivars.
Xca was shown to be seedborne in broccoli by isolation of the bacterium 
from seeds and observation of infected seedlings grown from infested 
seed lots. Two leaf spotting xanthomonads of crucifers have been 
reported. They are Xca, the cause of a bacterial spot of horse-radish, 
and X. campestris pv. raphani, the cause of a bacterial spot of radish 
and turnip. Plant inoculation studies comparing the XLS bacterium with 
Xcc, Xca, and Xcr showed that the XLS bacterium, Xca, and Xcr have 
identical host ranges which are wider than the host range of Xcc. 
Serological tests showed a close relationship among Xcc, Xca, Xcr, and 
the XLS bacterium. Phage tests showed that the XLS bacterium, Xca, and 
Xcr were of a single lysotype which is related to but different from the 
lysotype of Xcc. Based on the results of this study, it is concluded 
that Xca, Xcr, and the XLS bacterium are indistinguishable and should be 
considered as a single pathovar, X. campestris pv. armoraciae 
(McCulloch 1929) Dye 1978 was named first giving it priority over
vi
X. campestris pv. raphani (White 1930) Dye 1978 which now becomes a 
synonym of 3C. campestris pv. armoraciae. Xanthomonas leaf spot of 
crucifers is suggested as the common name for the disease incited by X. 
campestris pv. armoraciae.
vii
I. Xanthomonas Leaf Spot of Crucifers
1
INTRODUCTION
In the winter of 1977-78, and each year since a disease 
characterized by necrotic lesions at the leaf margins, circular necrotic 
spots on the leaf lamina, and dark necrotic streaks along the leaf veins 
has been observed on Market Prize cabbage (Brassica oleracea var. 
capitata L.) being grown in southern Louisiana. Isolation of the causal 
organism from the various types of lesions consistently yielded a 
bacterium identified as Xanthomonas campestris pv. armoraciae (McCulloch 
1929) Dye 1978 (1). The identification of the pathogen was the result 
of an extensive study and is the subject of a separate report (4). X. 
campestris pv. armoraciae hereafter referred to as "Xca", originally was 
found and described from horse-radish (Armoracia rusticana (Gaertn.,
Mey., and Schreb.) by McCulloch in 1929 (7). The bacterium has cultural 
characteristics similar to those of X« campestris pv. campestris (Pammel 
1895) (Dowson 1939) Dye 1978 (1) hereafter referred to as "Xcc", the 
causal agent of black rot of crucifers. However, symptoms of the 
disease caused by Xca are distinct from black rot and the sites of 
infection by the two pathogens differ. We propose "Xanthomonas leaf 
spot" as the common name for this disease of crucifers.
This paper reports symptomology of the disease, isolation and 
pathogenicity tests with the causal organism, disease reactions among 
cabbage cultivars, and demonstration of the seedborne nature of the 




Isolation and maintenance of bacterial Isolates. Diseased leaves 
of Market Prize cabbage were collected from a commercial field in St. 
James parish, southern Louisiana. Leaf pieces (5-mm diam) were cut from 
margins of the different types of lesions and surface sterilized in 1%
sodium hypochlorite (20% Clorox) solution for 3 min followed by a 1 min
rinse in sterile water. Each leaf piece was transferred aseptically to 
a drop of sterile water in a petri plate for 5 min to allow bacterial 
cells to exude. Several loops of the suspension were streaked onto 
nutrient dextrose agar (NDA) (11) plates and incubated at 28 C for 48 to 
72 hr. An alternative method of isolation was by direct plating of the 
surface sterilized leaf pieces onto the NDA plates. When bacterial 
colonies appeared on the plates, pure cultures were prepared by 
streaking single colonies of the bacterium onto other NDA plates. Stock 
cultures were maintained by transferring several loops of bacteria from 
48-hr-old pure cultures into sterile distilled water in screwcap tubes 
which were stored at 4 C. The isolate of Xca used throughout this study
was isolated from Market Prize cabbage leaves in January 1978 and
designated "V-II". The isolate of Xcc used for comparisons was 
designated "SJ". It was isolated from Market Prize cabbage leaves 
collected from the same area during a severe outbreak of black rot in 
the spring of 1975.
Greenhouse and controlled environment studies. Cabbage plants were 
grown in the greenhouse in 11-cm-diam clay pots containing a 3:2:1 
mixture of soil, peat-moss, and perlite and fertilized as necessary with 
a complete fertilizer.
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Bacterial inoculum was prepared from either 24-hr-old nutrient 
dextrose broth (NDB) (11) shake cultures or 48-hr-old NDA plate cultures 
by making a distilled water suspension which contained about 9 x 10 
colony forming units (CFU)/ml. Prior to inoculation the plants were 
transferred to a dew chamber (Percival, Boone, XA 50036) with an air 
temperature of 25 C for about 2 hr to allow a thin film of water to 
condense on the leaf surface and small guttatlon droplets to form at the 
hydathodes. For inoculation, the plants were removed from the dew 
chamber, atomized with a bacterial suspension, and immediately returned 
to the dew chamber for 24 hr. Plants were then transferred either to 
the greenhouse or to controlled environment chambers. Cabbage plants 
atomized with distilled water were included as controls.
Scanning electron microscopy. Greenhouse-grown Market Prize 
cabbage plants were inoculated with the V-II isolate as described 
previously. Leaf sections (5-mm diam) were cut from the leaf lamina and 
leaf margins 2 to 3 days after inoculation and prepared for scanning 
electron microscope observations by the technique of Glauert (2). The 
specimens were observed with a HITACHI S-500 electron microscope for the 
presence of the bacteria in stomata and hydathodes.
Field inoculations. Several cultivars of cabbage, broccoli, and 
cauliflower were grown in the winter of 1980-81 and inoculated with the 
V-II isolate for evaluation of their reactions to the Xanthomonas leaf 
spot pathogen. A similar planting was made in the spring of 1981 and 
inoculated with the SJ Isolate of Xcc for evaluation of their reactions 
to the black rot pathogen. Bacterial inoculum was prepared by making a 
4-fold dilution with water of 36-hr-old shake cultures grown in a medium 
described by Husain and Kelman (3). Inoculations were made just prior
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to cabbage head development by spraying inoculum onto the plants late in 
the evening after guttation droplets had formed. A knapsack garden 
sprayer pumped to a high pressure with the nozzle adjusted to emit a 
fine spray was used to deliver the inoculum to the plants.
Detection of seedborne Xca. Two rows of broccoli (cultivars Bravo, 
Green Duke, and Hybrid D) which were a part of the winter 1980-81 field 
test plot inoculated with Xca developed disease symptoms. Seed from 
these plants were harvested, maintained at 4 C and used to investigate 
the possibility that the disease was seedborne. Assays for seedborne 
Xca were made by observing symptoms on seedlings grown from this seed in 
the greenhouse, or germinated on water agar in petri plates, or by 
plating seed on media used for isolation of the bacterium.
Multiple samples of 1000 seeds each were taken from three separate
seed lots and assayed by each method. In one assay, untreated seed was
used, but in others the seed was surface disinfested (8,9). For surface 
disinfestation, each 1000-seed sample was individually placed inside a 
20-ml disposable syringe into which desinfestant and rinse fluids were 
drawn. Seed samples were soaked with occasional agitation for 20 min in 
a 1% solution of Micro detergent (International Products Corp., Trenton, 
N.J.), rinsed three times with sterile distilled water, soaked in a 1% 
sodium hypochlorite solution for 3 min, and rinsed again three times 
with sterile distilled water.
Greenhouse seedling assays for Xca were made using surface 
disinfested and untreated seeds. Each of the 1000-seed samples were 
sown in Jiffy Mix Plus (Jiffy Products of America Inc., West Chicago, 
111. 60185) contained in a plastic tray (50 x 25 x 6 cm), watered, and
maintained in the greenhouse. Seedlings were observed for symptom
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expression 5 to 7 days after seeding and isolations were made from 
lesions to confirm the presence of Xca.
The petri plate-seedling method for detecting seedborne Xca was 
adapted from Srinivasan, et al (10). Surface disinfested 1000-seed 
samples were sown on water agar plates (50 seeds/plate) and incubated in 
the dark at 28 C for 4 to 5 days. Observations were made for disease 
symptoms on the cotyledons of germinated seeds and isolations were made 
from lesions to confirm the presence of Xca.
The method used for direct bacterial isolation from seed was 
adapted from Schaad and Kendrick (9). Each 1000-seed sample was surface 
disinfested, enriched in 2 ml of sterile water at 28 C for 24 hr, air 
dried under a transfer hood, and aseptically transferred onto NDA and SX 
agar plates (50 seed/plate). The plates were incubated at 28 C and 
observed for bacterial growth from the seed after 48 and 72 hours. 
Xanthomonas cultures obtained by the three assay procedures were used to 
inoculate Market Prize cabbage plants which were observed for 
Xanthomonas leaf spot symptoms to confirm their identification as Xca.
RESULTS
Disease symptoms. Cabbage plants Infected with Xanthomonas leaf 
spot exhibit a wide range of necrotic spots and streaks with no 
chlorosis associated with any of the primary disease symptoms. The 
disease symptoms can be found on all leaves of the plant from the older 
basal leaves to the wrappers, and onto the surface leaves of the head 
(Fig. 1A-D). Necrotic lesions occur along the leaf margin resulting in 
a tipburn and in advanced stages of tattering of the leaf margin (Fig. 
1A). Individual leaf spots begin as small water-soaked flecks that 
generally enlarge to form circular necrotic spots with light gray 
centers and dark borders (Fig. IB). The spots usually remain less than 
3 mm in diam, but occasionally expand to 5 mm. In time, the centers of 
the leaf spots may fall out giving a shot-hole appearance to the leaf 
(Fig. IB). Sometimes larger necrotic areas form either due to a single 
infection site not being restricted or due to coalescing of numerous 
lesions occurring in close proximity (Fig. 1A-C). These necrotic areas 
frequently occur adjacent to leaf veins and appear as necrotic streaks 
along one or both sides of the vein (Fig. IB and C). In some cases, the 
vein also becomes necrotic but frequently remains green and intact.
Basal leaves occasionally show leaf spots somewhat different than those 
that occur on the rest of the plant. The spots appear as small necrotic 
flecks scattered uniformly over large areas of the leaf lamina (Fig.
ID).
The location and type of symptoms strongly suggest that the sites 
of infection are stomata and hydathodes. This is supported also by 
scanning electron microscopy which revealed large numbers of bacteria in
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Fig. 1. Field symptoms of Xanthomonas leaf spot on cabbage plants. (A) 
Necrotic lesions at the leaf margins and along veins of a Market Prize 
plant. (B) Numerous necrotic spots on the leaves and streaks adjacent 
to veins on LAVI-1 plants. (C) Necrotic spots and streaks on a Market 
Prize head. (D) Numerous small necrotic spots on LAW1-1 basal leaves.
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substomatal chambers and hydathodes associated with lesions. Even 
though veinal tissue is involved in some of the lesions and Xca enters 
through hydathodes, there is no evidence of vascular movement of the 
bacterium. Repeated attempts to isolate Xca from vascular tissues 
adjacent to and at various distances from lesions were unsuccessful.
Isolation and characterization of the causal organism. Bacteria of 
a single colony type were consistently isolated by streaking exuded 
cells or direct plating tissue pieces from each of the lesion types 
described for Xanthomonas leaf spot. The bacterium has been identified 
as Xca using disease symptoms, host range, serology, and phage tests. 
(4). After 72 to 96 hr incubation on NDA, the colonies were yellow 
glistening, smooth, elevated, circular, and with entire margins. These 
cultural characteristics are consistent with those of other Xanthomonas 
spp. Comparisons between the cultural morphology of Xca and Xcc 
revealed no distinguishing characteristics.
Greenhouse and controlled environment chamber tests. Cabbage 
plants were atomized with a cell suspension of the V-II isolate of Xca, 
held in the dew chamber for 24 hr, and transferred back to a greenhouse 
with night-day temperature extremes of about 21 C and 35 C. The first 
visible symptoms appeared 3 days after Inoculation as small, dark, 
water-soaked spots scattered over the leaf lamina and along the leaf 
margin. The water-soaked spots developed into necrotic lesions that 
ranged from 1 to 3 mm in diam with sunken, light tan centers and dark 
brown borders (Fig. 2). Disease symptoms rarely developed beyond this 
stage if inoculated plants were held at these relatively high greenhouse 
temperatures.
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Fig. 2. Leaf of a greenhouse-grown (night-day temperature extremes of 
21 C and 35 C) Cole Cash cabbage plant 10 days after Inoculation with 
X anthomonas campestris pv. armoraciae, (A) upper surface and (B) lower 
surface. Note the scattered leaf spots due to stomatal invasion and 
those along the leaf margin due to hydathodal invasion.
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Tests were conducted to determine the effect of temperature on 
disease development. A temperature effect was suspected because the 
disease was first observed in the field from December to February, a 
period of relatively low growing temperature in southern Louisiana, and 
because inoculated cabbage plants developed only small restricted 
lesions at high greenhouse temperatures. Two groups of Market Prize 
cabbage plants were inoculated separately with Xca and Xcc and held in a 
dew chamber at 25 C for 24 hr. Groups of four plants inoculated with 
each isolate were then transferred to a series of controlled 
environment chambers with air temperatures of 12, 18, 24, and 30 C, 
respectively. Symptoms that developed on the cabbage plants held at the 
lower temperatures following inoculation with Xca were more severe than 
those at the higher temperatures (Table 1), and more characteristic of 
symptoms previously observed on field-grown winter cabbage. At 12 and 
18 C, the lesions at the leaf margin enlarged to form V-shaped necrotic 
lesions and some of those on the leaf lamina elongated to form necrotic 
streaks along the leaf veins. Xca-inoculated plants held at 24 and 30 C 
developed numerous 1-2 mm diam leaf spots over the leaf lamina and along 
the leaf margin with no further enlargement. Symptoms that developed on 
plants inoculated with Xcc were typical for black rot with chlorotic 
V-shaped lesions progressing inward from the leaf margin. Black rot 
symptom development was very slow at 12 C but became progressively 
faster and more severe as the temperature was increased from 12 to 30 C 
(Table 1).
Field inoculations. Inoculations of field-grown crucifers were 
made to rate their disease reactions to Xanthomonas leaf spot and black 
rot. The Xanthomonas leaf spot test was conducted on winter-grown crops
12
Table 1. Xanthomonas leaf spot and black rot disease severity ratings 





12 C 18 C 24 C 30 C
Black Rot^ 1 2 4 5
cXanthomonas Leaf Spot 4 2.5 1 <ld
di s e a s e  severity ratings were made 15 days after inoculation based 
on a scale of 0 to 5 in which 0 = no symptom and 5 = very severe 
symptoms.
^SJ isolate of Xanthomonas campestris pv. campestris.
V-II isolate of Xanthomonas campestris pv. armoraciae.
^Approximately 1-mm-diam necrotic spots developed at hydathodes and 
stomata 3 to 5 days after inoculation with no further enlargement.
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(September to January) and black rot on spring-grown crops (March to 
June) to provide favorable environmental conditions for development of 
each disease.
Five cabbage cultivars and a black rot resistant inbred line,
LAWI-1 (L. L. Black and P. H. Williams, unpublished) were evaluated 
individually and found to represent a range of disease severity ratings 
for each disease (Table 2). Furthermore, differential reactions to 
Xanthomonas leaf spot and black rot were observed among the cultivars. 
For example, Bravo was very resistant to Xca and moderately resistant to 
Xcc, LAWI-1 was very susceptible to Xca and very resistant to X c c , and 
Market Prize was very susceptible to both pathogens.
Cauliflower (Snowball Y, Snowball 16, and Super Snowball) and 
broccoli (Bravo, Hybrid D, and Green Duke) cultivars were in the test 
but were not rated numerically for disease severity. However, all 
cultivars were found to be susceptible to both diseases. Figure 3 shows 
typical symptoms that developed on Snowball Y inoculated with Xc a . On 
both cauliflower and broccoli, Xca caused infections over the leaf 
lamina and at the leaf margin that resulted in necrotic leaf spots and . 
necrotic streaks along veins. Xcc caused infections at the leaf margin 
that progressed inward to form deep V-shaped chlorotic lesions typical 
of black rot.
Detection of seedborne X c a . Seedborne Xca was readily detected in 
the three broccoli seed lots when germinated and grown in the 
greenhouse. Water-6oaked spots on the cotyledons were apparent by 4 
days after seeding and well developed circular necrotic spots, 1 to 3 mm 
diam by 5 to 7 days (Fig. 4). Counts of Xca infected seedlings grown 
from surface disinfested seed samples showed the following levels of
14
Table 2. Xanthomonas leaf spot and black rot disease severity ratings 




Leaf Spot*5 Black RotC
Market Prize 5 5
Bravo 1 3
Gourmet 3 5
Green Boy 3.5 4
Rio Verde 3 3
LAWI-1d 5 1.5
Rating based on a scale of 0 to 5 in which 0 = no symptom and 5 = 
very severe symptoms,
^Ratings made on winter-grown cabbage inoculated with Xanthomonas 
campestris pv. armoraciae, V-II isolate.
cRatings made on spring-grown cabbage inoculated with Xanthomonas 
campestris pv. campestris, SJ isolate.
dAn inbred line developed for resistance to black rot (L. L. Black 
and P. H. Williams, unpublished).
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Fig. 3. Symptoms of Xanthomonas leaf spot on a field-grown Snowball Y 
cauliflower plant inoculated with Xanthomonas campestris pv. armoraciae 
in the winter of 1980.
Fig. 4. Lesions on broccoli cotyledons caused by Xanthomonas campestris 
pv. armoraciae 7 days after sowing in Lhe greenhouse. The seedlings 
were grown from seed harvested in the winter of 1980-1981 from field- 
grown, Xanthomonas leaf spot-infected Green Duke plants.
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diseased seed: Hybrid D 8.3%, Bravo 12.3%, and Green Duke 18.1% (Table
3). A similar percentage of plants with disease symptoms grew from seed 
samples that had not been surface disinfested suggesting that the 
bacterium was not on the seed surface.
The petri plate-seedling method (10) and the direct agar plating 
technique (9) were used successfully to detect Xca in the seed lots. 
However, it was not possible to quantitate the level of diseased seed 
with either of these methods due to excessive microbial contamination.
Xca was consistently isolated from necrotic lesions in both 
seedling assays and by direct bacterial isolation from seed. In each 
case the pathogenicity of the isolates was confirmed by inoculation to 
Market Prize cabbage.
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Table 3. Detection of seedborne Xanthomonas campestris pv. armoraciae 
in three broccoli seed lots by observation of diseased seedlings8 among 
plant populations grown in the greenhouse
Cultivar°
Infected seedlings (%)^
Disinfested seed** Untreated seed
Green Duke 18.1 a 17.6 ab
Bravo 12.3 c 12.0 cd
Hybrid D 8.3 e 7.6 ef
aXca was isolated and pathogenicity tested.
^Percentage of the seedlings showing disease symptoms 5 to 7 days 
after seeding. Each sample consisted of 1000 seeds* and the tests were 
done in triplicate. Numbers followed by common letters are not 
significantly different at 5% level by the Duncan's multiple range test.
£Seed were harvested from these cultivars which had been inoculated 
in the field with Xca prior to flower bud initiation.
^See Materials and Methods for procedure.
DISCUSSION
A disease shown to be caused by Xca and Xanthomonas leaf spot has 
been found occuring on winter-grown cabbage in Louisiana since 1977.
The causal organism of this disease appears identical to that described 
on horse-radish by McCulloch in 1929 (7). White (13) described a 
similar bacterium on radish and turnip presently known as X- campestris 
pv. raphani (White 1930) Dye 1978 (1) [Xcr] which was distinguished from 
Xca based on slight differences in reported host ranges.
In our laboratory, the proposed neopathotype strains of Xca and Xcr 
(1) and our V-II isolate from cabbage, are indistinguishable culturally 
and in an extended host range (4). Other similarities found by 
McCulloch (7) and White (13) were that the bacteria they worked with 
entered stomata and hydathodes, but not the vascular system. Also,
White demonstrated that Xcr was seedborne.
Xca and Xcr were shown to infect cabbage and other crucifers in 
laboratory inoculation tests (7,13), but to our knowledge have not been 
identified as the causes of a naturally occurring disease of cabbage 
until this report. Strandberg (personal communication) has been 
observing what he refers to as stomatal invading black rot isolates in 
Florida. Dye (personal communication) isolated Xanthomonas cultures 
from leaf spots on crucifers in New Zealand during the 1950's which he 
identified as Xcc. It is possible that both Strandberg and Dye were 
working with the same organism we have encountered in our studies.
The geographic distribution of Xca is unknown, but its seedborne 
nature imports the potential to be widespread. The impact which 
Xanthomonas leaf spot will have on cabbage production is uncertain at
19
20
present, but It appears to have a destructive potential for certain 
cultivars grown during periods of cool, wet weather, such as the winter 
months in Louisiana. The wide range of reactions to Xanthomonas leaf 
spot observed on cabbage cultivars suggests that the disease can be and 
perhaps already is being managed with resistant cultivars.
The name Xanthomonas leaf spot was chosen to distinguish this 
disease from "bacterial leaf spot" of cauliflower and other crucifers 
caused by Pseudomonas syringae pv. maculicola (McCulloch 1911) Young, 
Dye & Wilkie 1978 (6) and from black rot which although caused by a 
Xanthomonas does not produce leaf spots as a part of its symptomatology 
(12).
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II. Synonymy of Xanthomonas campestris pv, armoraciae and Xanthomonas 




Xanthomonas leaf spot (XLS) of crucifers was first recognized on 
cabbage in Louisiana in December 1977 (15,16). The bacterium isolated 
from infected tissue was culturally and morphologically 
indistinguishable from Xanthomonas campestris pv. campestris (Pammel 
1895) Dye 1978 (Xcc), the cause of black rot (BR), but XLS was readily 
distinguished from BR based on symptomatology, sites of infection, and 
environmental conditions favoring disease development. The XLS 
bacterium initiates infection through stomata and hydathodes, but does 
not move through the vascular system. XLS does not cause chlorosis as a 
part of its primary symptom. The disease is most severe at relatively 
low growing temperatures. In comparison, the BR bacterium does not 
initiate infection through stomata, but gains entry through hydathodes 
and then moves through the vascular system. BR causes extensive 
chlorosis and is the most severe at relatively high growing 
temperatures.
There are three previous reports of bacterial pathogens causing 
leaf spots on crucifers. In 1911, McCulloch (20) identified Pseudomonas 
syrlngae pv. maculicola (McCulloch 1911) Young, Dye & Wilkie 1978 as the 
cause of a bacterial spot disease of cauliflower which also attacks 
cabbage and is now commonly known as "bacterial leaf spot" or "peppery 
leaf spot" of crucifers (5,33). In 1929, McCulloch (21) identified X. 
campestris pv. armoraciae (McCulloch 1929) Dye 1978 (Xca) as the cause 
of a bacterial spot of horse-radish, Armoracia rusticana Gaertn., Mey., 
and Schreb., and showed that the bacterium could cause leaf spots on 
several other plants including cabbage. In 1930, White (34) identified
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X. campestris pv. raphani (White 1930) Dye 1978 (Xcr) as the cause of a 
bacterial spot of radish and turnip. He showed that Xcr could infect 
several other hosts including cabbage, but separated Xcr from Xca on the 
basis of differences in reported host ranges. The descriptions of Xca 
and Xcr and the diseases they cause are very similar to observations 
made of XLS and its causal bacterium.
The purpose of this study was to identify the bacterium that causes 
XLS and to determine its relationship to X c a , Xcr, and Xcc.
MATERIALS AND METHODS
Bacterial isolates and inoculum preparation. The bacterial 
isolates used in these studies and their sources and original hosts are 
listed in Table 1, Bacterial isolates used most extensively and 
considered the type culture for each group of isolates were XLS-2 
previously (15) referred to as the 'V-II isolate', Xca-1 (NCPPB 347), 
Xcr-1 (NCPPB 1946), and Xcc-1 previously (15) referred to as the 'SJ 
isolate1. All isolates were maintained at 4 C in sterile distilled 
water in screwcap test tubes. Bacteria for culture transfers and for 
spraying plants were prepared from 48-hr-old nutrient dextrose agar
g
(NDA) (32) plate cultures by making water suspensions of 9 x 10 colony 
forming units (CFU)/ml (McFarland standard solution tube //3) (3). In 
all tests, unless otherwise described, cultures grown on agar media were 
incubated at 28 C, and those in liquid media were incubated at a room 
temperature of 24 ± 2 C on a shaker.
Host range tests. Members of the Brassicaceae, Compositae, 
Cucurbitae, Fabaceae, and Solanaceae families were inoculated with each 
of the bacterial isolates to determine their host ranges. One- to 
two-wk-old seedlings were transplanted into 11-cm-diam clay pots 
containing a mixture of soil, peat-moss, and perlite (3:2:1) and 
fertilized as necessary with a complete fertilizer. Most plants were 
inoculated about 8 wk after potting. Some 3-wk-old seedlings and 
5-wk-old potted plants were inoculated also to determine If there was 
any effect of age on disease response. Prior to inoculation, the plants 
were transferred to a dew chamber with an air temperature of 25 C for
25
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Xanthomonas leaf spot bacterium
XLS-1 Black Cabbage 1978 LA
XLS-2 = V-II isolate Black Cabbage 1978 LA
XLS-3 to 6 Black Cabbage 1978 LA
XLS-7 & 8 Black Cabbage 1981 LA
XLS-9 Black Cabbage 1982 LA
Xanthomonas campestris pv. armoraciae
Xca-1 neopathotype NCPPB 347 Candytuf t 1954 TAN
Xca-2 neopathotype PDDDC 7 Candytuft 1954 TAN
Xca-3 PDDCC 19 Horse-radish 1939 USA
Xanthomonas campestris pv. raphani
Xcr-1 neopathotype NCPPB 1946 Radish 1940 USA
Xcr-2 neopathotype PDDCC 1404 Radish 1940 USA
Xcr-3 PDDCC 1640 Radish - USA
Xcr-4 PDDCC 1641 Radish - USA
Xcr-5 PDDCC 1645 Radish - USA
Xcr-6 PDDCC 1646 Radish — USA
Xanthomonas campestris pv. campestris
Xcc-1 = SJ isolate Black Cabbage 1975 LA
Xcc-2 & 3 Strandberg Cauliflower 1981 FL
Xcc-4 Black Broccoli 1981 LA
Xcc-5 to 8 Black Cabbage 1977 LA
Xcc-9 Black Cabbage 1981 LA
Xcc-10 Black Broccoli 1981 LA
Xcc-11 to 13 Black Cabbage 1981 LA
Xcc-14 c PDDCC 8 Cabbage 1957 NZ
Xcc-15C PDDCC 16 Radish 1959 NZ
Xanthomonas campestris pv, vesicatoria
Xcv-1 Black Tomato 1980 LA
Xcv-2 Black Pepper 1980 LA
Xcv-3 Black Pepper 1980 LA
Xcv-4 Black Pepper 1981 LA
Xcv-5 Black Pepper 1982 LA






Source Host Isolated 0riginb
Xccu-1
Xanthomonas campestris pv. cucurbitae 
PDDCC 202 USA
Xcvi-1
Xanthomonas campestris pv. vignicola
PDDCC 333 Cowpea 1942 USA
Xf-1
.Xanthomonas fragariae 
PDDCC 5715 Strawberry I960 USA
aNCPPB = National Culture Collection of Plant Pathogenic Bacteria, 
Harpenden, UK.; PDDCC = Plant Disease Division Culture Collection,
DSIR, Auckland, New Zealand; Dr. J. 0. Strandberg, Univ. FL, Sanford, 
FL.
bLA = Louisiana; NZ = New Zealand; TAN = Tanzania; FL «■ Florida. 
CLeaf spot isolates of Dr. D. W. Dye, PDDCC, DSIR, Auckland,
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about 2 hr to allow formation of a thin film of water on the leaf lamina 
and guttation droplets at the leaf margins. Plants were removed from 
the dew chamber, immediately atomized with a bacterial suspension, 
returned to the dew chamber for 24 hr, and then transferred to the 
greenhouse for disease development.
Microscopical and arowth characteristics. Cell morphology was 
determined by observation of negatively stained bacterial cells with a 
JEOL 100CX electron microscope (26). Methods used for the Gram stain 
reaction, oxygen requirement, and tolerance to sodium chloride were 
those used by Dye (9). Bacterial motility, colony characteristics on 
different media, and effect of temperature on growth were determined by 
the technique described in the 'Manual of Microbiological Methods' (30).
Growth and colony characteristics of the bacterium were observed on 
plates of several different agar media. A 10-yl drop of bacterial 
inoculum was spotted at the center of each plate and observed for growth 
after 7 days of incubation. Effect of temperature on bacterial growth 
was determined on NDA plates which were spot-inoculated and incubated at 
a temperature range of 4 to 40 C in increments of 4 C. Growth of 
bacterial colonies were observed after 10 days of incubation.
Physiological and biochemical characteristics. Tests for 
utilization of organic acids and carbon compounds; production of 
acetoin, catalase, hydrogen sulfide, ammonia, and indole; protein 
digestion; hydrolysis of starch and esculine; and reduction of nitrate 
to nitrite; and gelatin liquefaction were made by the techniques used by 
Dye (9). In all tests, except for hydrogen sulfide production and 
reduction of nitrate to nitrite, nutrient agar (NA) or nutrient broth 
(NB) (Difco) were substituted as the basal medium. Pectolytic activity
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of the bacterium was tested by the technique of Nasuno (23). Urease 
production was determined by the technique of Schroth and Hildebrand 
(29). Oxidase reaction was determined by the techniques used by Moore, 
et al (22).
DNA base composition. Purified DNA was prepared from 48-hr-old 
nutrient dextrose broth (NDB) (32) cultures of isolates Xca-1 , Xcc-1 , 
Xcr-1 , and XLS-2 according to the procedure of Marmur (17) as modified 
by Owen and Hill (25). The base composition expressed as the moles 
percent of guanine and cytosine (mol% G + C) to the total bases was 
determined from the thermal melting point (Tm) of each DNA preparation 
according to the technique of Marmur and Doty (18). The DNA preparation 
was diluted with sodium citrate-buffered saline (0.15 M NaCl and 0.015 M 
trisodium citrate, pH 7.0) to make a solution with an A ^ q = 1.0. The 
suspension was placed in a 0.5-ml-stoppered quartz cuvette with a 1.0 cm 
light path and analyzed with a Gilford 250 spectrophotometer equipped 
with Model 2527 thermoprogrammer. The temperature within the cuvette 
was raised from 70 C to 100 C at the rate of 0.5 C/min. Each sample was 
analyzed four times. Included in each analysis were a blank and a 
reference DNA, salmon sperm DNA (Calbiochem, San Diego, CA 91124). Base 
compositions for each DNA preparation was calculated from the melting 
temperatures according to the equation of De Ley (7) as follows: mol% G 
+ C = 2.44 Tm-169.3.
Serological tests. Bacterial antigens were prepared from 48-hr-old 
NDA plate cultures of isolates Xca-1 , Xcc-1 , Xcr-1 , and XLS-2 by heating
g
bacterial cells, 9 x 10 CFU/ml, in normal saline in a boiling water 
bath for 2 hr. Antisera were produced in white New Zealand rabbits or 
Florida White rabbits. Prior to immunization 5 ml of blood were drawn
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from each of the rabbits to obtain normal sera. Immunizations were done 
by intravenous injections through marginal ear veins with 0.5, 1.0, 1.0, 
and 1.0 ml of the antigens on day 1, 3, 6, and 8, respectively. Then 
intraperitoneal injections were made with 2 and 3 ml of the antigens on 
day 10 and day 13, respectively. Terminal bleedings were made on day 20 
by cardiac puncture. Antisera were prepared from the blood according to 
the technique described by Williams and Chase (35).
Agglutination tests (36) were made in test tubes (16 x 150 mm) 
incubated at 37 C in a waterbath for 2 hr. The reactions were read 
twice, immediately after incubation and after overnight storage in a 
refrigerator.
Ouchterlony double-diffusion tests (2) were made in 50-mm-diam 
plastic petri dishes which contained 8 ml of 1.0% Nobel agar (Difco) in 
0.05 M sodium phosphate-buffered saline, pH 7.2. Sodium azide,
5 g/liter, was added to the medium as a preservative. The plates were 
freshly prepared and allowed to dry for 24 hr before use. A circular 
pattern with six outer wells (5 mm in diam, 5 mm apart, and 5 mm from 
the center well) surrounding the center well (5 mm in diam) was cut with 
a template. Undiluted antiserum was placed in the center well and
g
antigens, heat-killed bacterial cells 9 x 10 CFU/ml, were placed in the 
outer wells. The plates were incubated at room temperature in a high 
humidity enclosure, and the pattern of precipitin bands determined after 
24 hr incubation.
Phage isolation and tests. Phages were isolated from greenhouse- 
grown cabbage plants inoculated with isolates Xcc-1 and XLS-2, and 
pepper plants inoculated with Xcv-3 . Three grams of heavily infected 
leaf samples were ground in a sterile mortar and pestle with 5 ml
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sterile distilled water, passed through four layers of cheese cloth, and 
centrifuged at 12,100 g for 10 min. The supernatant was retained and 
the phages isolated by the double agar layer technique (1) or by 
combination of this technique and the enrichment method (14). Using 
dilution plates, each phage was purified from three successive single 
plaque transfers. Plates with each purified phage showing nearly 
confluent lysis were overlayed with 5 ml of phosphate-buffered tryptone 
(PBT)-saline solution (14) and kept overnight at 6 C. The overlay 
suspensions were decanted and centrifuged at 12,100 g for 10 min to 
remove the bacterial debris. The supernates were collected and 
recentrifuged at 42,800 g for 3 hr to sediment the phages. Finally, the 
pellets were resuspended in 1 ml of sterile PBT-saline and stored at 4 
C. Reactions of the bacterial isolates to the phages were determined by 
the spot test (6).
RESULTS
Host range. Isolates XLS-2, Xca-1 , Xcr-1 , and Xcc-1 were used to 
inoculate several plant species representing five families to compare 
their host ranges and symptomology (Table 2). Isolate Xcc-1 produced 
typical black rot symptoms, V-shaped chlorotic lesions at the leaf 
margin, on cruciferous plants and leaf spots on tobacco and N_. 
glutinosa. Isolates XLS-2, Xca-1, and Xcr-1 had identical host ranges
producing leaf spots on crucifers, cucurbits, legumes, and solanaceous
plants. Leaf spot symptoms caused by these three isolates were
indistinguishable. Disease symptoms produced by the three leaf spotting
isolates on horse-radish, radish, and cabbage are shown for comparison 
in Fig. 1.
Symptoms produced by the leaf spotting isolates were similar 
throughout the host range (Fig 1, 2, and 3). Lesions began as small 
water-soaked spots on the leaf lamina and margin which expanded 1 to A 
mm in diameter depending on the host. Mature spots generally had light 
colored centers with dark borders. Exceptions to this were the spots on 
tomatoes, beans, and cucurbits which had dark colored centers. Numerous 
lesions in one area of a leaf sometimes coalesced to form a larger 
necrotic area. Petioles and leaf veins of inoculated plants frequently 
developed dark, sunken, elongated lesions which often distorted the leaf 
and caused the petiole to become brittle (Fig. 1C and F; Fig 2H). Even 
though leaf veins were attacked directly or by expanding lesions the 
bacterium could not be isolated from veinal tissues short distances from 












Broccoli 'Green Duke' 'Bravo' c s s s
Cabbage 'Market Prize' 'Bravo' c s s s
Cauliflower 'Snowball Y' c s s s
Collards 'Creole' c s s s
Fodder Radish 'Neris' c s s s
Fodder Rape 'Nevin' c s s s
Grazing Turnip 'Appin' c s s s
Horse-Radish 'Big Top Western' c s s s
Marrow Stem Kale 'Maris Kestrel' c s s s
Mustard 'Florida Broad Leaf'
'Southern Giant Curled' c s s s
Radish 'Scarlet Turnip, White Tipped' c s s s
Rutabaga 'American Purple Top' c s s s
Swede 'Della' c s s s
Turnip 'Purple Top White Globe' c s s s
Compositae:
Beet 'Detroit Dark Red - - - -
Lettuce 'Dark Green Boston' - - - -
Swiss Chard 'Large Ribbed Dk Green' - - - -
Cucurbitae:
Cantaloupe 'Tam Uvalde' 'Top Score' - s s s
Cucumber 'Poinsett' - s s s
Pumpkin 'Connecticut Field' - s s s
Squash 'Goldbar' - s s s
Watermelon 'Jubilee' — s s s
Fabaceae:
Bean 'Black Turtle Soup'
'Black Valentine' 'Pinto UI-111' - s s s
Cowpea 'Blackeye' - s s s
Pea 'Dark Skin Perfection' - s s s
Soybean 'Davis' - s s s
Solanaceae:
Pepper 'Yolo Wonder' 'Yolo Y' - s s s
Tomato 'Bonny Best' 'Traveler' s s s
Tobacco 'Havana 425' 'NC-95' uSd s s sNicotiana glutinosa Qs s s s
(continued)
34
d i s e a s e  reactions indicated by c = V-shaped chlorotic lesions at 
leaf margins, s = necrotic spots on leaf lamina and margins, and - = no 
symptoms.
^Greenhouse-grown plants were Inoculated about 8 wk after 
transplanting. Disease reactions were recorded 10 to 15 days after 
inoculation.
£Xcc-1 = an isolate of Xanthomonas campestris pv. campestris;
XLS-2 = an isolate of the Xanthomonas leaf spot bacterium; Xca-1 = an 
isolate of Xanthomonas campestris pv. armoraciae, and Xcr-1 = an isolate 
of Xanthomonas campestris pv. raphani.
^Tobacco and 1J. glutinosa were the only plants tested that 
developed leaf spots after inoculation with Xcc-1.
Fig. 1. Greenhouse symptoms produced by isolates XLS-2 (A,D,&G); Xca-1 
(B,E,& H); Xcr-2 (C,F,&I) on horse-radish (top row), radish (middle row 
and cabbage (bottom row).
Fig. 2. Symptoms produced by the Xanthomonas leaf spot bacterium, 
isolate XLS-2, on leaves of greenhouse-grown crucifers. (A) collards, 
(B) horse-radish, (C) turnip, (D) marrow stem kale, (E) radish, (F) 
grazing turnip, (G) cabbage, and (H) broccoli.
Fig. 3. Symptoms produced in the greenhouse by the Xanthomonas leai 
spot bacterium, isolate XLS-2 on leaves of non-cruciferous plants. v. 
pepper, (B) NicoLiana glutinosa, (C) tomato, (D) cowpea, (E) soybean, 
(F) bean, (G) squash, (H) canteloupe, and (I) watermelon.
(A)
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The host specificity and disease symptoms caused by most of the 
bacterial isolates were determined by inoculation of plants listed in 
Table 2. The results of this assay are summarized in Table 3 under the 
heading 'host range identity'. All of the XLS bacterial isolates, all 
of the Xca isolates, and four of six Xcr isolates attacked the same 
hosts and caused indistinguishable leaf spot symptoms on each of the 
hosts. In addition, inoculations with isolate Xcc-15 (PDDCC 16, a 
radish leaf spot isolate), isolate Xccu-1 (PDDCC 202, X. campestris pv. 
cucurbitae) , and Xcvi-1 (PDDCC 333, X. campestris pv. vignicola) gave 
the same host range and leaf spot symptom results, except Xcvi-1 which 
failed to cause any symptoms on cucurbits. Isolates Xcc-14 (PDDCC 8, a 
cabbage leaf spot isolate), Xcv-6 (X. campestris pv. vesicatoria from 
tomato), and Xf-1 (PDDCC 5715, X. fragariae) caused a few leaf spots on 
most of the crucifer plants but none of the .other plants except Xcv-6 
which caused bacterial spot symptoms on tomato and pepper. Isolates 
Xcr-4 (PDDCC 1641) and Xcr-5 (PDDCC 1645) failed to produce symptoms on 
any of the host range test plants. Pathogenicity of isolates Xcv-1 to 5 
was not tested.
Based on repeated inoculation tests and observation of severity of 
disease symptoms caused by the leaf spotting isolates used in this 
study, radish and grazing turnip were the most sensitive hosts. While 
all of the crucifer plants tested were susceptible, they were ranked in 
groups from the most sensitive to the least as follows: (1) radish and
grazing turnip, (2) broccoli and cauliflower, (3) turnip, cabbage, 
collards, rutabaga, and swede, and (4) horse-radish and mustard.
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Table 3. Host range identification and gel immunodiffusion reactions3 
of Xanthomonas isolates
Antiserum prepared to isolates ---------------------c------------------------  Range
Antigen Xcc-1 XLS-2 Xca-1 Xcr-1 Identity
XLS-1 to 9 + + + + XLS
Xca-1 to 3 + + + + XLS
Xcr-1 S 3 + + + + XLS
Xcr-2 & 6 - - - - XLS
Xcr-4 + + + + NS
Xcr-5 - NS
Xcc-1 to 9,
11 to 13 + + + + BR
Xcc-10, - BR
Xcc-143 - - - (XLS)
Xcc-15 + + + + XLS
Xcv-1 to 5 - - - - NT
Xcv-6 - (XLS)
Xccu-1 + + + + XLS
Xcvi-1 - XLS
Xf-1 - (XLS)
Reactions were based on the formation of precipitin bands observed 
after 24 hr incubation; + = reaction of identity; - = no reaction.
Antigens used in the tests were heat-killed bacterial cells; XLS = 
Xanthomonas leaf spot bacterium; Xca = Xanthomonas campestris pv. 
armoraciae; Xcr « X. campestris pv. raphani; Xcc = X. campestris pv. 
campestris; Xcv = X. campestris pv. vesicatoria; Xccu = X. campestris 
pv. cucurbitae; Xcvi = 3t. campestris pv. vignicola; and Xf ° X* 
fragariae.
QIdentified by reaction of plants listed in Table 2. Symbols are 
XLS = host range reaction same as with isolate XLS-2; (XLS) = a few leaf 
spots were produced on the cruciferous plants; BR = host range reaction 
same as with isolate Xcc-1 ; NS = no symptoms produced on any of the 
plants; and NT = pathogenicity not tested.
^Xcc-14 ■ PDDCC 8, a cabbage leaf spot isolate; Xcc-15 = PDDCC 16, 
a radish leaf spot isolate.
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Microscopical and growth characteristics. The cells of isolate 
XLS-2 were Gram negative, single, occasionally in chains of two or more, 
straight rods, and motile with a single polar flagellum. The cell sizes 
ranged from 1.4 to 3.2 ym x 0.4 to 0.6 ym (Fig. 4). Colonies of the 
XLS-2 isolate and Xcc-1 were indistinguishable when grown on seven 
different media (Fig. 5). Most abundant growth was on media containing
dextrose. Both bacteria were found to have the same temperature
requirements. After 10 days of incubation, growth of isolates XLS-2 and 
Xcc-1 was observed on plates at 8 C to 32 C with optimum growth at 24 C 
and 28 C (Table 4). No visible growth occurred at 4 C or 36 C. Both
bacteria were obligately aerobic, and tolerated sodium chloride up to 5%
in the medium.
Physiological and biochemical characteristics. Results of the 
physiological and biochemical tests comparing isolates XLS-2 and Xcc-1 
are summarized in Table 5. No differential reactions were found among 
these tests that could be used to distinguish XLS-2 from Xcc-1.
DNA base composition. Melting temperatures (Tm) were determined 
and base compositions calculated for DNA preparations from four 
Xanthomonas isolates. The base compositions (mol% G+C) of the bacterial 
DNA preparations were as follows: Xcc-1, 66.9%; XLS-2, 68.4%; Xca-1,
67.6%; and Xcr-1, 69.3% (Table 6).
Serological tests. Antisera produced against heat-killed cells of 
four Xanthomonas isolates were tested by agglutination to determine the 
homologous and heterologous reactions (Table 7). Antisera produced 
against isolates Xcc-1 , XLS-2, Xca-1, and Xcr-1 had homologous titers of 
2560, 5120, 2560, and 2560, respectively. The antisera to isolates 
Xcc-1, XLS-2, and Xca-1 gave heterologous reactions identical to the
Fig. h. Cell morphology of the Xanthomonas leaf spot bacterium, isolate 
XLS-2, and its phages. Note the presence of two distinct phages that 
attack the bacterium indicated by arrows. Bar is 1 pm.
42
Fig. 5. Growth of the Xanthomonas leaf spot bacterium, isolate XLS-2 
(V-ll isolate), and Xanthomonas campestris pv. campestris, isolate Xcc-1 
(SJ isolate), on different media after 10 days of incubation at 28 C, 
Abbreviations for media are D-5, Kado & Heskett (12); NA, Difco nutrient 
agar; SX, Schaad & White (28); NCSA, nutrient-cycloheximide-starch agar 
(27); KE, King's B medium (13); NDA, nutrient-dextrose agar (32); and 
YDCA, yeast extract-dextrose-CaCO agar(32).
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Table 4. Effect of incubation temperature on growth of the Xanthomonas 
leaf spot bacterium and Xanthomonas campestris p v . campestris on 
nutrient dextrose agar plates
Temperature (°C)
Isolate 4 8 12 16 20 24 28 32 26
XLS-2 - + + ++ ++ +++ +++ ++ -
Xcc-1 - + + ++ ++ +++ +++ ++ -
3Bacterial growth estimated from the colony size after 10 days of 
incubation; - = no growth and +++ = abundant growth.
^XLS-2 = isolate of the Xanthomonas leaf spot bacterium and Xcc-1 = 
isolate of Xanthomonas campestris pv. campestris.
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Table 5. Cultural, physiological, and biochemical characteristics of 





Growth at 36 C - -
Mucoid growth on nutrient dextrose agar + +
Tolerance to sodium chloride (%) 5.0 5.0
Gelatin liquefaction + +
Proteolysis of milk + +
Hydrolysis of esculine + +
Hydrolysis of starch + +
Reduction of nitrate to nitrite - -
Production of from cysteine and peptone + +
Urease production - -
Oxidase reaction - -
Indole production - -
Pectate degradation - -
Catalase production + +
Ammonia production - -
Acetoin production - \ —










































+ = positive reaction; - = no reaction (negative); XLS-2 = isolate 
of the Xanthomonas leaf spot bacterium; Xcc-1 = isolate of Xanthomonas 
campestris pv. campestris, the causal agent of black rot.
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Table 6. Thermal melting temperatures and base compositions of DMA 
preparations from four Xanthomonas isolates
DNA source Tm (°C)b mol% G+Cc




Salmon sperm 87.5 (87.0) 44.2
£Xcc-1, isolate of Xanthomonas campestris pv. campestris; XLS-2, 
isolate of the Xanthomonas leaf spot bacterium; Xca-1 , isolate of 
Xanthomonas campestris pv. armoraclae; and Xcr-1 , isolate of Xanthomonas 
campestris pv. raphani.
bTm = melting temperature of DNA suspended in 0,015 M trisodium 
citrate buffered saline, pH 7.0 (A„,n = 1.0); numbers in parentheses are 
reported values (18,25).
°Values calculated by the equation: mol% G+C = 2.44Tm - 169.3 from
De Ley (7).
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ATable 7. Cross aglutination reactions of antisera prepared against 
four Xanthomonas isolates
Antiserum dilution
Asb Ag° 20 40 80 160 320 640 1280 2560 5120
Xcc-1 Xcc-1 +++ +++ +++ ++ ++ + + + -
XLS-2 +++ +++ +++ ++ ++ + + + -
Xca-1 +++ +++ +++ ++ ++ + + + -
Xcr-1 +++ +++ ++ ++ + + + - -
XLS-2 Xcc-1 +++ +++ +++ ++ ++ ++ + + +
XLS-2 +++ +++ +++ ++ ++ ++ + + +
Xca-1 +++ +++ +++ ++ ++ ++ + + +
Xcr-1 +++ +++ +++ ++ ++ ++ + + +
Xca-1 Xcc-1 +++ +++ +++ + ++ + + + _
XLS-2 +++ +++ +++ ++ ++ + + + -
Xca-1 +++ +++ +++ ++ ++ + + + -
Xcr-1 +++ +++ +++ ++ ++ + + + -
Xcr-1 Xcc-1 +++ +++ ++ ++ + + + — —
XLS-2 +++ +++ +++ ++ ++ + + + -
Xca-1 +++ +++ +++ ++ ++ + + + -
Xcr-1 +++ +++ +++ ++ ++ + + +
Reactions were based on visual rating of the amount of 
agglutination; +++ = abundant and - = no reaction.
bAntisera were produced by injecting heat-killed bacterial cells of 
each Isolate into rabbits.
c 8Antigens were heat-killed bacterial cells, 9 x 10 CFU/ml, of each
isolate.
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homologous reaction for each antiserum. The heterologous reaction of 
Xcc-1 antiserum against Xcr-1 antigen was strong, but one step lower 
than the homologous reaction. Likewise, when Xcr-1 antiserum was tested 
against Xcc-1 antigen the reaction was one step lower than the 
homologous reaction.
Ouchterlony double-diffusion tests were conducted to determine 
serological relationships among isolates Xcc-1 , XLS-2, Xca-1, and Xcr-1 
using antisera prepared against each isolate and heat-killed cells of 
each isolate as the antigens. Antisera prepared against each isolate 
were placed in the center wells and formed single precipitin bands 
against each of the antigens placed in the outer wells of agar plates 
(Fig. 6A-D). All of the precipitin lines fused, but in some cases spurs 
formed as other bands fused with the Xcr-1 precipitin line (Fig. 6A and 
C).
Results of double-diffusion tests to determine relatedness of other 
Xanthomonas isolates are summarized in Table 3. Without exception, an 
isolate that formed a precipitin band with one of the antisera formed 
one with all four antisera. Each of the XLS and Xca isolates formed a 
precipitin line when reacted against each antiserum (Table 3). Examples 
of these reactions are shown in Fig. 6 and 7. Three of the six Xcr 
isolates formed precipitin bands and three did not (Fig. 7A, C, and D). 
Isolates Xcr-1 (NCPPB 1946) and Xcr-2 (PDDCC 1404) are subcultures of 
the neopathotype and both are virulent, but in these tests Xcr-2 failed 
to form a precipitin line to any of the antisera (Fig. 7A). Only two of 
the 15 Xcc isolates tested by the double diffusion tests failed to react 
with the antisera (Table 3 and Fig. 7C). Six isolates of X. campestris 
pv. vesicatoria (Xcv) and one isolate each of X. campestris pv.
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vlgnicola (Xcvi-1) and X. fragariae (X£-l) were tested and found not to 
react with any of the four antisera (Fig. 6A-D; Fig. 7A B, and D ) . The 
single isolate of X. campestris pv. cucurbitae (Xccu-1) tested produced 
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Fig. 6. Double diffusion precipitin patterns of Xanthomonas isolates. 
Center wells contained undiluted antisera: (a) Xcc-1; (b) XLS-2; (c)
Xcr-1; and (d) Xca-1 . Outer wells contained antigens, heat-killed cells 
of bacterial isolates: (1) Xcc-1; (2) XLS-2; (3) Xcr-2; (4) Xca-1; (5)
Xcvi-1.
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Fig. 7. Double-diffusion precipitin patterns of Xanthomonas isolates. 
Center wells contained undiluted antisera: (a) Xcc-1 and (b) XLS-2.
Outer wells contained antigens, heat-killed cells of bacterial isolates: 
(1) Xcc-1; (2) XLS-2; (3) Xcr-1; (4) Xca-1; (5) Xcc-14; (6) Xcc-15; (7) 
Xca-3; (8) Xcr-3; (9) Xcr-4; (10) Xcr-5; (11) Xcr-6; (12) Xcvi-1; (13) 
Xccu-1; (14) Xf-1; (15) XLS-9; (16) Xcr-2; (17) Xcv-3. See Table 1 for 
details of isolate identities.
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Phage tests. Isolations from greenhouse-grown cabbage plants 
inoculated with the XLS-2 Xanthomonas leaf spot isolate and the Xcc-1 
isolate of X. campestris pv. campestris, and pepper plants inoculated 
with the Xcv-3 isolate of the X.* campestris pv. vesicatoria yielded four 
different phages. Two distinct phages (Pi and P2) were isolated from 
cabbage leaves inoculated with isolate XLS-2, one phage (P3) was 
isolated from cabbage leaves inoculated with isolate Xcc-1 , and another 
phage (P4) was isolated from pepper leaves inoculated with isolate 
Xcv-3 . Phage PI produced large opaque plaques and phage P2 produced 
small translucent plaques when reacted against their homologous hosts 
(Fig. 8A). Phage P3 produced large translucent plaques (Fig. 8B) . 
Electron microscopic observations of the XLS-2 isolate phages showed 
that they are morphologically distinct (Fig. 4). Typical results of 
spot tests for bacterial reaction to the phages are shown in Fig. 8C. 
Cross inoculations of the three hosts with the four phages showed that 
isolate XLS-2 was susceptible to phages Pi, P2, and P3, isolate Xcc-1 
was susceptible to phages P2 and P3, whereas isolate Xcv-3 was 
susceptible only to phage P4.
The four phages were inoculated into cultures of each of the 
Xanthomonas isolates used throughout these studies. Isolates XLS, Xca, 
and Xcr in general were susceptible to phages PI, P2, and P3, and 
resistant only to phage P4. Isolates Xcr-4 and Xcr-5 were the exception 
in this group in that they were resistant to all phages. All Xcc 
isolates, except Xcc-14 and Xcc-15, were susceptible to phages P2 and P3 
and resistant to phages PI and P4 (Table 8). All isolates of It. 
campestris pv. vesicatoria (Xcv) were susceptible only to phage P4. The 
X. campestris pv. vignicola isolate Xcvi-1 was resistant to all four
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Fig. 8. Plaque morphology of phages and the reactions of the phages on 
Xanthomonas isolates. (A) Two distinct plaque morphologies on isolate 
XLS-2, 18 hr after inoculation. (B) Single type of plaque on isolate 
Xcc-1, 36 hr after inoculation. (C) Typical reactions of four distinct 
phages on the bacterial isolates: Xcc-1 , X. campestris pv. campestris;
XLS-2, the Xanthomonas leaf spot bacterium; Xcv-3 , X campestris pv. 
vesicatoria. Phages: PI and P2 from cabbage leaves infected with
isolates XLS-2; P3 from cabbage leaves infected with isolate Xcc-1; and 
P4 from pepper leaves infected with isolate Xcv-3.
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Table 8. Reactions of Xanthomonas isolates to bacteriophages
Isolate**
PhagesC
PI P2 P3 P4
XLS-1 to 9 + + + -
Xca-1 to 3 + + + -
Xcr-1 to 3, 6 + + + _
Xcr-4 & 5 - - — -
Xcc-1 to 13. _ + + —
Xcc-14 & 15 + + -
Xcv-1 to 6 - - - +
Xccu-1 + + +
Xcvi-1 - - - -
Xf-1 + + + _
£ Reactions of the bacterial isolates to the phages were determined 
by spot tests. + = susceptible and - = resistant.
^Xc c , X* campestris pv. campestris; Xca, X* campestris pv. 
arrooraciae; X c r , X. campestris pv. raphani; XLS, Xanthomonas leaf spot 
bacterium; Xccu, X. campestris pv. cucurbitae; Xcvi, X. campestris pv. 
vignicola; and X£, X. fragariae.
Pi and P2, phages isolated from cabbage leaves infected with 
isolate XLS-2; P3, phage isolated from cabbage leaves infected with 
isolate Xcc-1; and P4, phage isolated from pepper leaves infected with 
Isolate Xcv-3.
^Xcc-14 = PDDCC 8, a cabbage leaf spot isolate; Xcc-15 = PDDCC 16, 
a radish leaf spot isolate.
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phages. The X. campestris pv. cucurbitae isolate Xccu-1 and X. 
fragariae isolate Xf-1 reacted in the same pattern as the XLS isolates.
DISCUSSION
Identification of Xanthomonas species has been the subject of many 
reports in recent years (4,8,9,10,11). In 1962 Dye (8) and in 1974 Dye 
and Lelliot (4) reported that most Xanthomonas species described could 
be distinguished from X. campestris and each other only by plant host 
reactions. Subsequently, Young, et al (37) adopted the use of the 
infrasubspecific term 'pathovar' to designate plant pathogenic bacteria 
on the basis of their host range and presented a proposed list of X. 
campestris pathovars. Dye, et al (8) published in 1980 an ISPP approved 
list of pathovar names and pathotype or neopathogype strains. Three 
pathovars on that list, 21* campestris pv. campestris (Xcc) , X* 
campestris p v . armoraciae (Xca), and X.. campestris p v . raphani (Xcr) 
have been shown to cause naturally occuring diseases of crucifers 
(5,21,33,34).
The present study was initiated to identify the bacterium shown 
recently to be the causal agent of Xanthomonas leaf spot (XLS), a 
naturally occuring disease of cabbage (15,16). Isolates of X c c , X c a , 
and X c r , and a few other leaf spotting pathovars of Xanthomonas were 
obtained for comparison with the XLS bacterium. The disease responses 
of a diverse group of host plants inoculated with Isolates of the XLS 
bacterium, Xca, Xcr, and isolate Xcc-15 were indistinguishable which 
suggests that all of these isolates are of a single pathovar. These 
Isolates can easily be distinguished from Xcc by their host range and 
the disease symptoms which they cause. The host range results with Xca 
and Xcr obtained in this study differ from those reported previously. 
McCulloch (21) reported that Xca failed to cause symptoms on mustard,
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radish, kale, bean, cowpea, and squash. White (33) reported that Xcr 
did not attack horse-radish, beans, or soybeans. The reason for the 
differences in their results and those of the present study can only be 
speculated. It is likely that they are due to differences in 
inoculation procedures and subsequent environmental conditions provided 
for disease development. It also could be due to differences in 
isolates, but this question cannot be resolved because only 
neopathotypes of Xca and Xcr are available for study.
Results of morphological, cultural, physiological, and biochemical 
tests failed to show any distinction between the XLS bacterium and Xcc. 
The base compositions (mol% G+C) of DNA from isoaltes of Xcc, Xca, Xcr, 
and XLS bacterium were found to be similar and characteristic for 
members of genus Xanthomonas. It was not surprising in view of the 
previous reports of difficulties in separating pathovars of Xanthomonas 
by in vitro tests that no differences were found among isolates examined 
in this study. The results obtained do show conclusively that the XLS 
bacterium is a member of the X. campestris group.
Serological characteristics have been considered an important 
aspect in identification of Xanthomonas strains (11,24). Results of 
this study suggest that a close relationship exists among the Isolates 
of Xcc, Xca, Xc r , and the XLS bacterium. Among a total of 33 isolates 
representing these four isolate groups only five failed to give positive 
serological reactions in both homologous and heterologous combinations. 
It was surprising that isolate Xcr-2 (PDDCC 1404, neopathogype strain) 
failed to show serological identity when reacted against antisera made 
against isolate Xcr-1 (NCPPB 1946, neopathotype strain).
58
Phages have been used frequently In attempts to confirm identity of 
Xanthomonas strains (11,19,31). Hayward (11) reported that phages with 
lytic activity to xanthomonads vary in their specificity depending on 
their sources; phages isolated from soil and sewage usually produce 
plaques of pin-head size and frequently have wide host ranges, whereas 
those obtained from plant material usually produces large clear plaques 
on the nomenspecies affecting the plant from which they are isolated, 
and are usually highly specific. For these reasons, the phages used in 
this study were isolated from greenhouse-grown plants inoculated with 
the bacterial isolates used as the homologous hosts for phage isolation. 
The reaction of the Xanthomonas isolates against the four phages used in 
this study suggested that the isolates could be grouped into four 
distinct lysotypes. One lysotype included all of the XLS isolates, all 
of the Xca isolates, four of six Xcr isolates, isolates Xcc-14 & 15 
which are know to be leaf spotting isolates, and a single isolate of 
Xccu and X f . A second lysotype included all of the Xcc isolates except 
Xcc-14 & 15. A third lysotype included all of the Xcv isolates. The 
fourth lysotype included two isolates of Xcr and a single isolate of 
Xcvi which failed to react with any of the phages.
The Xccu-1 isolate is remarkably similar to Xca, Xcr and the XLS 
bacterium in its host range, serological reactions, and lysotype 
grouping. Likewise the host range of isolate Xcvi-1 was the same except 
that it failed to infect cucurbits. These results suggest some 
relationship among Xccu, Xcvi, and the leaf spotting crucifer isolates, 
but since only single isolates of each Xccu and Xcvi were included in 
this study no conclusions were drawn.
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The XLS bacterium and the neopathotype strains of X. campestris pv. 
armoraciae and X.. campestris pv. raphani have been found in the current 
study to have identical host ranges, to be of the same phage lysotype, 
and to be related serologically. Based on these results, it is 
concluded that the three bacteria are indistinguishable and should be 
considered a single pathovar. Xanthomonas campestris pv. armoraciae was 
named in 1929 by McCulloch and X.. campestris pv. raphani was named in 
1930 by White. Based on the international standards for naming 
pathovars (8) it is proposed that the two pathovars by synonymized. X. 
campestris pv. armoraciae was named first and therefore has priority 
over X* campestris pv. armoraciae. Xanthomonas leaf spot has been 
suggested as the common name for the disease incited by this pathogen 
(16).
LITERATURE CITED
1. Adams, M. H. 1959. Bacteriophages. Interscience Publishers,
New York. 592 p.
2. Ball, E. M. 1974. Serological tests for the identification of
plant viruses. Am. Phytopathol. Soc., St. Paul, Minn. 31 p.
3. Barret, J. 1967. Preparation of a bacterial vaccine. Pages 1-7
in: R. N. Goodman, eds. Proc. First Workshop on 
Phytobacteriology. Univ. Missouri, Columbia, Mo. 71 p.
4. Buchanan, R, E., and N. E. Gibbons (eds.). 1974. Bergey's manual
of determinative bacteriology, 8th ed. The Williams & Wilkins, 
Baltimore. 1246 p.
5. Chupp, C., and A. F. Sherf. 1960. Vegetable diseases and their
control. The Ronald Press, New York. 693 p.
6. Davis, R. W . , D. Bottstein, and J. R. Roth. 1980. Advanced
bacterial genetics: A manual for genetic engineering. Cold
Spring Harbour Lab., New York. 251 p.
7. De Ley, J. 1970. Re-examination of the association between
melting point, bouyant density, and chemical base composition 
of deoxyribonucleic acid. J. Bacteriol. 101: 738-754.
8. Dye, D. W . , J. F. Bradbury, M. Goto, A. C. Hayward, R. A. Lelliot,
and M. N. Schroth. 1980. International standard for naming 
pathovars of phytopathogenic bacteria and a list of pathovars 
names and pathotype strains. Rev. Plant Pathol. 59: 153-168.
9. Dye, D. W. 1962. The inadequacy of the usual determinative tests
for the identification of Xanthomonas spp. New Zealand J. Sci.
5: 393-416.
10. Dye, D. W. 1980. Xanthomonas. Pages 45-49 in: N. W. Schaad, eds.
Laboratory guide for the identification of plant pathogenic 
bacteria. Am. Phytopathol. Soc., St. Paul, Minn. 72. pp.
11. Hayward, A. C. 1979. Isolation and characterization of Xanthomonas.
Pages 15-29 in: F. A. Skinner and D. W. Lovelock, eds. 
Identification methods for microbiologists. Academic Press, New 
York. 315 p.
12. Kado, C. I., and M. G. Heskett. 1970. Selective media for
isolation of Agrobacterium, Corynebacterium, Pseudomonas, and 
Xanthomonas. Phytopathology 60: 969-976.
60
61
13. King, E. 0., M. K. Ward, and D. E. Raney. 1954. Two simple media
for the demonstration of pycocyanin and fluorescein. J. Lab.
Med. 44: 301-307.
14. Liew, K. W . , and A. M. Alvarez. 1981. Biological and morphological
characterization of Xanthomonas campestris bacteriophage. 
Phytopathology 71: 269-273.
15. Machmud, M. 1982. Xanthomonas leaf spot of crucifers. Part II,
Ph.D. Thesis, Louisiana State Univ., Baton Rouge. 21 p.
16. Machmud, M . , and L. L. Black. 1981. A cabbage disease caused by
a Xanthomonas sp. at low temperatures. Phytopathology 71: 892. 
(Abstract).
17. Marmur, J. 1961. A procedure for the isolation of deoxyribonucleic
acid from microorganisms. J. Mol. Biol. 3: 208-213.
18. Marmur, J., and P. Doty. 1962. Determination of the base
composition of deoxyribonucleic acid from its thermal 
denaturation temperature. J. Mol. Biol. 5: 109-118.
19. Mathew, J., and P. N. Pathel. 1979. Specific bacteriophages of
Xanthomonas vesicatoria. Phytopathol. Z. 94: 3-7.
20. McCulloh, L. 1911. A spot disease of cauliflower. USDA Br.
Plant Industry Bull. 225.
21. McCulloh, L. 1929. A bacterial spot of horse-radish caused by
Bacterium campestre var. armoraciae, n. var. J. Agric. Res.
38: 269-287.
22. Moore, L. M., A. Anderson, and C. I. Kado. 1980. Agrobacterium.
Pages 17-25 in: Schaad, N. W. eds., Laboratory guide for
identification of plant pathogenic bacteria. Am. Phytopathol. 
Soc., St. Paul, Minn. 72 p.
23. Nasuno, S. 1975. Pectin degradation by phytopathogenic and
saprophytic bacteria. Pages 34-38 in: R. N. Goodman, eds.
Proc. First Workshop on Phytobacteriology. Univ. Missouri, 
Columbia, Mo. 71 p.
24. 0'Brein, L, M . , D. J. Morton, W. J. Manning, and R. W. Scheetz,
1967. Serological differences between apparently typical 
pepper and tomato isolates of Xanthomonas vesicatoria. Nature 
215: 532-533.
25. Owen, R. J., and L. R. Hill. 1979. The estimation of base
compositions, base pairing, and genome sizes of bacterial 
deoxyribonucleic acids. Pages 277-296 in: F. A. Skinner and
D. W. Lovelock, eds. Identification methods for microbiologists. 














Schaad, N. W . , eds. 1980. Laboratory guide for the identification 
on plant pathogenic bacteria. Am. Phytopathol. Soc., St. Paul, 
Minn. 72 p.
Schaad, N. W., and R. Kendrick. 1975. A qualitative method for 
detecting Xanthomonas campestris. Phytopathology 65: 249-252.
Schaad, N. W . , and W. C. White. 1974. A selective medium for 
soil isolation and enumeration of Xanthomonas campestris. 
Phytopathology 65: 249-252.
Schroth, M. N . , and D. C. Hildebrand. 1980. Erwinia amylovora 
or true erwinia group. Pages 26-30 in: N. W. Schaad, eds.
Laboratory guide for identification of plant pathogenic bacteria. 
Am. Phytopathol. Soc., St. Paul, Minn. 72 p.
Society of American Bacteriologists. 1957. Microbiological 
methods for bacteriologists. McGraw Hill, New York.
Sutton, M. D., H. Katznelson, and C. Quadling. 1958. A
bacteriophage that attacks numerous phytopathogenic Xanthomonas 
species. Can. J. Microbiol. 4: 493-497.
Tuite, J. 1969. Plant pathological methods. Fungi and bacteria. 
Burgess, Minneapolis, Minn. 239 p.
Walker, J. C. 1952. Diseases of vegetable crops. McGraw Hill 
Book Co., New York. 529 p.
White, H. E. 1930. Bacterial spot of radish and turnip. 
Phytopathology 20: 653-662.
Williams, C. A., and M. W, Chase. 1967. Methods in immunology 
and immunochemistry. Vol. I. Academic Press, New York. 479 p.
Williams, C. A., and M. W. Chase. 1971. Methods in immunology 
and immunochemistry. Vol. III. Academic Press, New York.
515 p.
Young, J. M . , D. W. Dye, J. F. Bradbury, C. G. Pangopoulos, and 
C. F. Robbs. 1978. A proposed numenclature and classification 
for plant pathogenic bacteria. New Zealand J. Agric. Res. 21: 
153-177.
VITA
Muhammad Machmud was born on June 10, 1944 in Kebumen, Central 
Java, Indonesia. He received his primary and secondary education in 
Kebumen from 1952 to 1964. He continued his study at the Faculty of 
Biology, Gadjahmada University, Jogyakarta, Indonesia, from 1964 and 
received his BS degree in November 1967 and MS degree (Doctorandus) in 
December 1969.
He joined the Division of Plant Pathology and Entomology, Central 
Research Institute for Agriculture, Bogor, Indonesia, in March 1970 as a 
research assistant. During the first five-year period of the Indonesia- 
Japan Joint Research Program on Food Crop Production, 1971-1976, he was 
a counterpart to a Japanese plant pathologist in research on rice 
diseases. He was also sent to Japan for a six month training in 
advanced technique in bacteriology from September 1972 to April 1973, at 
the Department of Plant Pathology and Entomology, National Institute of 
Agricultural Sciences, Tokyo, Japan. After the training he continued 
his work as an assistant plant pathologist until he was awarded a USAID 
scholarship through the International Rice Research Institute (IRRI) in 
August 1975 for a graduate study at the University of the Philippines at 
Los Banos (UPLB), Laguna, Philippines. He received his MS degree in 
Plant Pathology in August 1978. He was then awarded another scholarship 
by AARD-Litbang, Indonesia, in cooperation with the International 
Agricultural Development Service (IADS), New York, to pursue his 
doctorate degree at the Department of Plant Pathology and Crop 
Physiology, Louisiana State University from 1979. Presently he is a 
candidate for the PhD degree in plant pathology.
63
EXAMINATION AND THESIS REPORT
Candidate: Muhammad Machmud
Major Field: Plant Pathology
Title of Thesis: Xanthomonas campestris pv. armoraciae the Causal Agent of 
Xanthomonas Leaf Spot of Crucifers
Approved:
Major Professor and ChairmantL
Dean of the Graduate Scpoi
E X A M IN IN G  C O M M ITTE E :
LM ■ •YP\0J\~t
/ < S L )
Date of Examination:
July 29. 1982
